the ends) of the 10-kb fragment described here (data not shown), indicating that the A. tenuis mitochondrial genome is between 17,585 and 18,085 nt in size. Using the M. senile mitochondrial genetic code (Pont-Kingdon et al. 1994 ), significant ORFs (Ͼ100 bp) in the sequence were translated, and the products were compared with the databases. This strategy identified the complete cytochrome b (Cytb), NADH dehydrogenase subunit 2 (ND2), NADH dehydrogenase subunit 6 (ND6), ATPase subunit 6 (ATP6), NADH dehydrogenase subunit 4 (ND4), cytochrome oxidase subunit III (COIII), and cytochrome oxidase subunit II (COII) genes in the sequence, as well as part (173 nt of the 5Ј end) of the NADH dehydrogenase subunit 4L (ND4L) gene ( fig. 1 ). The eight protein-coding genes are transcribed in the same direction, and all 64 amino acid codons are used in them. As in all other cnidarians (with the possible exception of S. glaucum COI; Beaton, Roger, and Cavalier-Smith 1998), the A. tenuis protein-coding genes use full termination codons. However, whereas ATG is thought to be the only start codon in both M. senile and R. kolikeri, three of the A. tenuis mitochondrial genes sequenced may use alternative start codons. High amino acid and nucleotide identities between A. tenuis and M. senile in the region between the alternative putative start codon and the first downstream ATG codon support the idea that the former is more likely to be the real start codon in all three cases. Acropora tenuis COIII is probably initiated by a GTG, ND6 appears to have an ATA start codon, and ND4L has either an ATA or an adjacent (downstream) GTG start codon. ND1, ND5, and ATP8 of S. glaucum have also been suggested to make use of ATA initiation codons (Beaton, Roger, and CavalierSmith 1998) .
The predicted A. tenuis protein sequences were compared with their homologs, and, as would be expected based on their close phylogenetic relationship, in every case levels of identity were highest between A. tenuis and M. senile. However, levels of identity within the Cnidaria are low compared with those within the Arthropoda. For example, two classes of arthropods (Insecta vs. Chelicerata) show 59.3% identity for Cytb and 43.1% for ND6 (Staton, Daehler, and Brown 1997) , which is comparable with the intraclass levels of similarity in the Cnidaria (66.2% for Cytb and 44.7% for ND6 between A. tenuis and S. glaucum).
Comparison of the unassigned DNA sequences with the database identified the small-subunit ribosomal RNA (srRNA), the ends of which were identified by alignment with the corresponding M. senile sequence. The 9,985-bp segment was checked for the presence of canonical tRNAs using tRNAscan-SE (http://www. genetics.wustl.edu/eddy/tRNAscan-SE/; Lowe and Eddy 1997) and was also searched for tRNAs ''by eye'' as follows: The sequence was searched for the following string of nine nucleotides: N(C/T)CXYZ(A/G)(A/G)NЈ, where N-NЈ is a Watson-Crick or wobble base pair, XYZ are any three nucleotides (anticodon), and parentheses mean either base is acceptable. There were 207 hits in the 9,985-nt region or 67 hits where N and NЈ both lie within the intergene regions. Subsequently, the 21-nt segment within which the 9-bp segment was nested (centered) was analyzed by looking for stem formation: -------N -XYZ -NЈ ------, where dashes represent nucleotides. Sequences passing this phase were investigated for the ability to form at least one stem/ loop (T or D or both): (20 nt for D search-central 21 nt-25 nt for variable ϩ T loop). Finally, all remaining structures within an 80-nt segment centered on the central anticodon base were searched for the ability to form an acceptor stem. No tRNA genes were detected.
The partial A. tenuis mtDNA consists of 61.8% AϩT, which is similar to (slightly lower than) that of other Cnidaria for which data are available. No significant difference in base composition was observed between noncoding and coding regions. The noncoding regions between genes are large in comparison with those of most other animals; those in A. tenuis are the largest of the four anthozoans studied to date. The two longest intergenic regions (521 bp between Cytb and ND2 and 1,086 bp between srRNA and COIII) contained ORFs of 342 and 777 nt maximally. However, no significant matches were detected between the predicted ORF products and known protein sequences in the databases; significant differences in amino acid composition and codon usage imply that these ORFs are unlikely to encode functional proteins. The A. tenuis srRNA-COIII intergenic region contains two tandemly arranged direct repeats of a 109-nt-long sequence-sequence similarity between the two copies is 91%-a characteristic of the control regions of many invertebrates and vertebrates (Hoelzel et al. 1994) . However, the regions do not have higher AT contents than the mtDNA protein-coding regions, as is the case for the control regions of many metazoans, including the putative control region of Metridium (Beagley, Okimoto, and Wolstenholme 1998) .
In the segment of the A. tenuis mitochondrial genome that we investigated, the organization of genes differed markedly from those of both M. senile and the octocorals ( fig. 1 ). These organisms represent two of the three anthozoan subclasses: the Alcyonaria (S. glaucum and R. kolikeri) and the Zoantharia (A. tenuis and M. senile). The major differences observed in gene order between A. tenuis and M. senile were unexpected given that the two alcyonarians have identical gene arrangements. The very large intergenic regions that appear to be characteristic of anthozoan mitochondrial genomesthe most extreme case being that of A. tenuis-and the apparent paucity of tRNA genes suggest that the Cnidaria may differ from the vertebrate model in the details of replication and/or transcription. We hypothesize that the large intergenic regions may somehow facilitate gene rearrangements, possibly via a slipped-strand mispairing mechanism (Macey et al. 1997) or by recombination. If this hypothesis is correct, we should expect major differences in mitochondrial gene order in other cnidarians and perhaps in other scleractinians.
The limited mitochondrial tRNA gene complement of cnidarians indicates that most tRNAs must be imported into the mitochondria; this phenomenon is known from plants, protists, and fungi (e.g., Rusconi and Cech 1996) but has not been demonstrated in higher animals. In order to determine whether tRNA import shows specificity, we compared codon usage in mitochondrial and nuclear genes in Acropora ( fig. 2) . No data are available for A. tenuis nuclear genes. However, for the closely related species Acropora millepora, seven coding sequences cnox2, ems, integrin ␤, ub52, and EF1␣) are known. Note that the comparison of Cytb sequences (van Oppen, Willis, and Miller 1999) indicates that mitochondrial codon usage is likely to be relatively constant across Acropora spp.; hence, the comparison of A. tenuis mitochondrial and A. millepora nuclear genes is legitimate. Acropora millepora nuclear genes show no obvious strong codon biases ( fig. 2 ). In contrast, the A. tenuis mitochondrial genes show strong FIG. 2.-Codon use in Acropora mitochondrial and nuclear genes. The data are for the mitochondrial Cytb, ND2, ND6, ATP6, ND4, COIII, and COII identified in the present study and seven nuclear genes, ub52, integrin ␤, Pax-A, Pax-C, cnox2, EF1␣, and ems. The total numbers of codons considered were 2,185 and 2,868 for the mitochondrial and nuclear genes, respectively. * UGA specifies Trp in the cnidarian mitochondrial code but is a stop codon in the universal code. biases toward thymine (particularly at second and third codon positions) and away from cytosine (particularly at third codon positions). This results in pronounced differences in codon use between the A. tenuis mitochondrial and A. millepora nuclear genomes (see, e,g., the Phe and Tyr data in fig. 2 ). Other clear differences include a strong bias toward thymidine in mitochondrial DNA at the first positions in Leu codons. Although a detailed comparison of codon use is not yet appropriate, these data indicate that tRNA import by Acropora mitochondria is selective; i.e., it is likely that a restricted set is imported.
